Maintaining soil fertility and the use of plant nutrient in sufficient and balanced amounts is one of the key factors in increasing crop yield and decreasing adverse environmental effects and pollutions arising from nonpoint fertilizer usage. The effects of time and rate of nitrogen application on phenology and some agronomical traits of corn (Zea mays L.) were investigated at the research farm of the University of Mohaghegh Ardabili. The trial was laid out in a split plot design based on a randomized complete block scheme with three replications. Experimental factors were nitrogen fertilizer at four levels (0, 75, 150, and 225 kg ha ) were obtained in the plots that received 225 kg N ha -1 as T 2 . Based on the results, it was concluded that application of the highest N fertilizer rate (225 kg ha -1 ) in three equal splits can be recommended for profitable corn production.
Maintaining soil fertility and the use of plant nutrient in sufficient and balanced amounts is one of the key factors in increasing crop yield and decreasing adverse environmental effects and pollutions arising from nonpoint fertilizer usage. The effects of time and rate of nitrogen application on phenology and some agronomical traits of corn (Zea mays L.) were investigated at the research farm of the University of Mohaghegh Ardabili. The trial was laid out in a split plot design based on a randomized complete block scheme with three replications. Experimental factors were nitrogen fertilizer at four levels (0, 75, 150, and 225 kg ha / 4 at tasseling) as T 1 , T 2 , and T 3 , respectively] as subplots. The results showed that the maximum values of grain yield and its components, days to 50% tasseling (63.85 days), days to 50% silking (68.2 days), days to physiological maturity (128.9 days) were observed in the plots treated with 225 kg N ha -1 as T 1 . The maximum nitrogen use efficiency (38.16 kg kg -1 ) was obtained at application of 75 kg N ha -1 as T 1 , and the minimum values of this index (19.41 kg kg -1 ) were obtained in the plots that received 225 kg N ha -1 as T 2 . Based on the results, it was concluded that application of the highest N fertilizer rate (225 kg ha -1
INTRODUCTION
Corn (Zea mays L.) is one of the most important crops all over the world and is often known as the king of cereals. The production of corn in developing regions is low as compared to developed countries. There are several reasons for this low productivity. Among them, mismanagement of plant nutrition is considered to be the major one. Hence, there is a need to improve this major component of production technology for getting higher corn production.
Nitrogen (N) is the most important nutrient supplied to most non-legume crops, including corn. The most important role of N in the plant is its presence in the structure of protein and nucleic acids, which are the most important building and information substances of every cell. In addition, N is also found in chlorophyll that enables the plant to transfer energy from sunlight by photosynthesis. So, N supply to the plant will influence the amount of protein, amino acids, protoplasm, and chlorophyll formed. Moreover, it influences cell size, leaf area, and photosynthetic activity (Lawrence et al., 2008; Uribelarrea et al., 2009; Diacono et al., 2013; Namvar, Khandan, 2015) . Therefore, adequate supply of N is necessary to achieve high yield potential in crops. Corn is usually considered to have a high soil fertility requirement to achieve maximal yields (Paponov et . Although N is the key element in increasing productivity and the increase of agricultural food production worldwide and over the past four decades has been associated with a 7-fold increase in the use of N fertilizers, but a large amount of fertilizer N loss in the environment could cause a serious environmental problem such as groundwater contamination (Chen et al., 2004) . Therefore, ideal N management optimizes yield, ensures farming profitability, and enhances nitrogen use efficiency (NUE), also minimizes the potential for leaching of N beyond the crop rooting zone (Rahmati, 2009 ). Raun and Johonson (1999) reported that NUE is variable and only 33% of applied N are recovered by cereal crops. NUE may be affected by crop species, soil type, time and rate of N application (Raun, Johnson, 1999; Halvorson et al., 2001 ). Lopez-Bellido and Lopez-Bellido (2001) showed that nitrogen efficiency indices are significantly affected by N fertilizer rate.
The time of N application plays a very important role in corn yield (Mariga et al., 2000; Scharf et al., 2002) . Pre-anthesis uptake is necessary in order to accumulate N in the vegetative sink for later remobilization to the ear. Post-silking uptake supplements remobilized N and prevents excessive N relocation from the vegetative sinks to the ear, which is essential for maintenance of appropriate N partitioning between grain and stover to maintain photosynthesis and grain yield formation (Banziger et al., 2002). Post-silking uptake is also critical to many physiological processes, including spikelet differentiation and kernel formation (Andrade et (Boman et al., 1995) . Mariga et al. (2000) reported that yield of maize considerably increased when N was applied up to the tassel initiation stage. Gehl et al. (2005) observed that maize N uptake improved and grain yield increased with split N fertilization compared to one single application at planting under irrigation system. Mungai et al. (1999) found that application of N in two splits at V 6 and R 1 stages gave significantly more yield than other modes of N regimes. Hammons (2009) reported that the maximum N uptake by maize occurs during the month prior to tasseling and silking.
Crop phenology is one of the most important aspects of crop yield determination (Carcova, Oteguai, 2001). Therefore, it is essential to predicting physiological responses under varying field conditions. Gungula et al. (2007) noted that there will be more synchrony in flowering with application of higher N. Dolan et al. (2006) reported that higher nutrient availability and favourable soil conditions due to organic source of N may delay phenology. Khaliq et al. (2008) stated that application of N delays the silking of maize crop. Moreover, Gungula et al. (2007) reported increased physiological maturity with increasing levels of N in open pollinated varieties of maize. Increases in N rates significantly delay the duration of the vegetative and reproductive period that results in high grain yield (Namvar, Seyed Sharifi, 2011) .
It is important to develop and identify the proper fertilization strategies for various crops that enhance the competitive ability of the crop, maximize crop production, and reduce the risk of nonpoint source pollution from fertilizers. Moreover, most of the farmers use high amount of N fertilizer haphazardly, since there is little information available on the time and rate of N application on agro-physiological traits of corn. But it is important to elucidate the effects of different agronomical factors on these parameters in order to improve crops agronomic performances. So, this research work was conducted to investigate the effects of time and rate of N application on phenology, nitrogen use efficiency, and some agronomical traits of corn.
MATERIALS AND METHODS
The effects of time and rate of nitrogen application on phenology and some agronomical traits of corn (Zea mays L.) were investigated at the research farm of the University of Mohaghegh Ardabili during spring season. The trial was laid out in a split plot design based on a randomized complete block scheme with three replications. Experimental factors were nitrogen fertilizer at four levels (0, 75, 150, and 225 kg ha The area is located at 38°15'N latitude and 48°15'E longitude with an elevation of 1350 m above mean sea level. Climatically, the area is placed in the semiarid temperate zone with cold winter and hot summer. Average rainfall was about 254.3 mm that mostly concentrated between winter and spring. Mean temperature and precipitation of the corn growing season are presented in Figure. The field was prepared well before sowing by ploughing twice with a tractor followed by planking to make a fine seed bed. All phosphorous (100 kg ha -1 in the form of super phosphate) and potassium (100 kg ha -1 in the form of potassium sulphate) fertilizers were applied as a basal dose at the time of seedbed preparation. Irrigation, weeding and all other agronomic practices, except those under study, were kept normal and uniform for all treatments. Prior to crop sowing, soil samples were collected from a depth of 50 cm with a soil auger and analyzed for various physico-chemical properties, and test results are presented in Table 1 .
In each plot there were 5 rows 4 m long. Plots and blocks were separated by 0.75 m unplanted distances. Seed placement was done by hand in individual hills at inter-row and intra-row spacing of 75 × 13.3 cm. Corn seed (var. Cordona) was planted in the second week of May. Two seeds were sown per hill and two weeks after emergence and at 4-5 leaves stage thinned to one plant per hill. The field was immediately irrigated after planting to ensure uniform germination.
Yield components and some morphological traits
The number of grains rows, number of grains per ear row, and number of grains per ear at all the treatments in each replication were measured with ten randomly selected plants from the three central rows, and then the average was calculated.
Nitrogen use efficiency
This trait was determined for each treatment using the agronomic efficiency (AE) index (Dobermann, 2007):
where F is the amount of (fertilizer) applied nutrient (kg ha 
Grain yield
For determination of grain yield, 2 m from each of three central rows were harvested in all plots. The ears were dehusked, dried and then threshed. The total grain weight for the sampled material was recorded and converted into grain yield (kg ha −1 ).
Days to silking, tasseling and tasseling-silking interval
Silking refers to the stage when silk emerged on 50% of the observed plants. Tasseling was reached when 50% of the plants shed pollen from the main branch of the tassel and from a few other branches. Silking date was recorded when 50% of the plants had extruded silks. The anthesis-silking interval (ASI) is the number of days from anthesis to silking. It was calculated as a difference between the recorded anthesis and silking dates. On the other hand, the ASI was estimated counting the difference in the number of days required for 50% of the plants within each plot to present pollen shed and 50% of the plants to have visible silks.
Days to physiological maturity
The appearance of a black layer in seeds was used as a criterion for physiological maturity. It was determined by counting the number of days from the planting date to harvesting time.
The data recorded were statistically analyzed by using computer software SAS (ver 9.1). Analysis of variance technique was used to test the significance, and LSD (least significant difference) at 5% probability level was used to compare the treatment means. 
RESULTS AND DISCUSSION
As shown in Table 2 , the rate and N application time had significant effects on phenolgy, yield and some agronomic traits of corn.
Plant height
The rates and time of N application significantly affected plant height. It increased with increasing N rates. So, the maximum plant height (185.2 cm) was obtained with the highest N rate (225 kg N ha Table 2) . Thakur et al. (1997) suggested that higher N application increased cell division, cell elongation, nucleus formation as well as green foliage. Increase in plant height may also be due to prolonged vegetative growth which increased the plant height. So, the comparison of means showed that days to tasseling or vegetative growth period increased when N rates were enhanced ( Table 2 ). The increase of the N fertilization rate from 0 to 225 kg ha -1 induced a statistically significant increase of the days to tasseling from 58.8 to 62.73 days. Similar results have been reported by Bakht et al. (2006) .
Number of grains ear -1
The response of the number of grains ear ) and it was vice versa in the anthesis-silking interval ( Table 2 ). Bolaños and Edmeades (1996) suggested that decrease in the anthesis-silking interval or close synchrony between male and female inflorescence is desirable to improve the number of grains ear 
Number of grain rows ear -1
The data recorded on the average number of grain rows ear -1 is presented in Table 2 . Statistical analysis of the data revealed that N rates and interaction of N rates × N application time are not significant. Similar results have been reported by Roy and Biswas (1992) who reported that N rates and their application time had no significant effect on the number of grain rows ear -1 . It seems that environmental factors have a low influence on the number of grain rows and this trait is significantly affected by genetic factors compared with other sources.
Number of grains per ear row
The data regarding the effects of rates and N application time on the number of grains per ear row are given in Table 2 . The maximum number (Table 2) . A greater number of grains per ear row with higher N rates might have resulted from the greater assimilates partitioning to the seeds as a result of a longer growth period and higher photosynthate availability during the grain filling period (Amanullah et al., 2009). Dawadi and Sah (2012) suggested that decrease in the number of grains per ear row under lower N application might be attributed to poor development of sinks and reduced translocation of photosynthates. In this study, high N rates delayed the appearance of phonological stages, and it seems that can be one of the reasons for increasing the number of grains per ear row. Similar results have been reported by Mariga et al. (2000) .
Days to 50% silking
Maize took more time to silking and physiological maturity in plots that received the highest rate of N application in three equal splits. Increasing N level increased days to 50% silking (Table 2) . A similar trend (as for tasseling) for silking was observed regarding N fertilization and was delayed by all N treatments as compared to the control. The comparison of means indicated that the maximum of days to 50% silking (68.2 days) was recorded at application of 225 kg N ha -1 as T 1 , and the minimum (61.56 days) was recorded at control treatment (Table 2) . Similar results are reported by Dolan et al. (2006) who stated that higher nutrient availability and favourable soil conditions due to N fertilizer may cause vigorous crop growth and delay phenology such as silking. Our results are in line with the findings of Khaliq et al. (2008) and Namvar and Seyed Sharifi (2011) who observed that phenological events were significantly delayed by the increasing rate of mineral N than by other sources.
Anthesis-silking interval (ASI)
The N application time and rates significantly affected the anthesis-silking interval. The maximum ASI was recorded at application of N as T 2 (4.96 days), and the minimum of this trait was recorded at application of N as T 1 (4.5 days). Plots that were not treated with N fertilizer took more days (5.3 days) to ASI. A shorter ASI with higher N was because of inducing early and rapid growth. Gungula et al. (2007) reported that there will be more synchrony in flowering with higher nitrogen. Bolaños and Edmeades (1996) showed that close synchrony between male and female inflorescence is desirable to improve grain yield and yield components. An asynchronous flowering may limit grain production per ear due to lack of pollen, loss of silk receptivity or early kernel abortion caused by dominance of early formed ovaries from the base of the ear on the late formed from the tips (Carcova, Otegui, 2001 ). So, the results indicated that the minimum of ASI (4.35 days) was recorded at application of 225 kg N ha -1 as T 1 , and the maximum of it (5.36 days) was recorded at control treatment (Table 2 ). In agreement with the results of the present study, decrease in ASI has been reported with increasing of N levels by Gokmen 
Days to physiological maturity
The data along with the comparison of means are presented in Table 2 , which indicates that the time and rate of N application had a significant effect on days to physiological maturity. The process of physiological maturity was delayed by the time and rate of N application and their combinations as compared to the control. Days to maturity were delayed significantly with the high levels of 150 and 225 kg N ha -1 ( Table 2 ). The comparison of means of N application time effect on days to maturity showed that N splits as T 1 delayed maturity as compared to T 2 and T 3 ( Table 2) . These results are in line with N application time and rate effects on days to tasseling and silking. The prolonged stages of days to maturity due to rates and time of N application were reported by Dolan et al. (2006) who showed that higher nutrient availability and favourable soil conditions due to N fertilizer could be a possible reason for delayed phenology in N-treated plots. Namvar and Seyed Sharifi (2011) reported that increasing in N rates significantly delays the duration of the vegetative and reproductive period what is a proof of the lengthening of the time to maturity.
Cob length
Cob length generally declined with decreasing of N rates. Application of 225 kg N ha -1 had the longest cob, and the shortest was recorded without N application. Moreover, the longest cob was produced at N application time as T 1 (20.1 cm), and the shortest was at application time as T 2 (18.6 cm). The interaction of application time × N rates was significant. The maximum cob length (22.3 cm) was obtained at application of 225 kg N ha -1 as T 1 , and the minimum of it (16.1 cm) was recorded at control treatment (Table 2) . A significant increase in maize cob length with N application over control was reported by Turgut (2004) .
Harvest index
The physiological efficiency and ability of a crop for converting the total dry matter into economic yield is known as the harvest index (HI). N rates showed significant difference for the HI. The comparison of means indicated that the maximum harvest index (42.1%) was recorded at application of 225 kg N ha -1 as T 1 , and the minimum of it (34.2%) was recorded at control treatment (Table 2) 
Grain protein content
There were significant differences between different treatments in grain protein content ( Table 2 ). The comparison of means of N rates × application time indicated that the maximum of grain protein content (14.3%) was recorded at application of 225 kg N ha -1 as T 1 , and the minimum value of this trait (10.1%) was recorded without N application (Table 2) . It seems that the availability of N in the grain filling stage of corn increased grain protein content. Patel (2004) reported that application of N in split doses increased grain protein content by 1.55%. Furthermore, Triboi et al. (2000) reported that N supply is the most important environmental factor affecting protein content and composition.
Nitrogen use efficiency (NUE)
The results indicated that NUE decreased with increasing N rate. The comparison of means indicated that the highest NUE (41.92 kg kg -1 ) was recorded at application of 75 kg N ha -1 as T 1 , and the lowest of it (16.38 kg kg -1 ) was recorded at 225 kg N ha -1 as T 2 ( Table 2) . These results agree with the finding of Raun and Johnson (1991) 
Grain yield
Grain yield is the main target of crop production. The grain yield was significantly affected by both N application time and rates. N rates significantly increased the grain yield. The grain yield varied between 4744.8 kg ha -1 without N application to 7355.5 kg ha -1 at application of 225 kg N ha -1 (Table 2) . A similar trend in yield differences across N rates has been reported by Zeidan et al. (2006) . Our findings are in agreement with observations made by many researchers such as Lawrence et al. (2008) who reported that grain yield increased with increasing N rates. Results of interaction effects of rates and N application time indicated that the maximum grain yield (7700 kg ha -1 ) was obtained at application of 225 kg N ha -1 as T 1 , and the minimum (4800 kg ha -1 ) was recorded at control treatment (Table 2) . Mariga et al. (2000) and Scharf et al. (2002) reported that grain yield in maize increases with increasing of rate and split application for N. The increase in grain yield at the high N rates application might be due to the delay in the maturity period, decrease in the number of barrenness plants, and increase in the number of seeds per ear. These results are in conformity with the results obtained by Subedi and Ma (2005) who reported a significant increase in maize yield with N split application. Akbar et al. (1999) showed that N application with increase in split application proved an additional source for a higher rate of photosynthesis and transport of photo-assimilates during grain filling that resulted in a higher grain yield of maize. Namvar and Seyed Sharifi (2011) stated that increases in N rates significantly delay the duration of the vegetative and reproductive period and could be possible a reason for increasing of grain yield. Dolan et al. (2006) indicated that higher nutrient availability and favourable soil conditions due to N could be a possible reason for delayed phenology in N-treated plots.
CONCLUSIONS
There are several causes of low productivity of corn. Among them, mismanagement of plant nutrition, such as rate and N application time, can be one of reasons for decrease in grain yield. According to the results of this study, application of higher rates of N (225 kg ha −1 ) and about 50% more than the recommended N rate (150 kg N ha −1 ) with three splits resulted in the maximum yield of maize. So, the highest values of yield, yield components, and phenology stages (except for the gap time between anthesis and silking) were observed at high levels of N application (225 kg N ha −1 ) in equal splits as ( 1 / 3 at sowing + 1 / 3 at V 8-10 + 1 / 3 at tasseling).
